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By H. Kurt  Strass 

Several wing-spoiler  arrangemsnts have been tested as a part  of a 
general investigatioh of aerodynamic control a t  supersonic speeds which 
is.being conducted by the Langley Pilotless Aircraft Research Division 
using rocket-propelled test vehicles. 

The results show that chordwise spoiler location is a cr i t ical   factor  
in determlnhg 811 effective  control  for me m r  a wide Wch number rage. 
A 8harp-edge spoiler  projecting 0.02 chord  above the wing surface had lees 
drag and greater o v e r a l l  effectiveness when located at 0.8 chord than when 
located at  0.4 or  0.6 chord. 

The sharp-edge spoiler a t  0.8 chord was much more effective in the 
subsmic  region and slightly more effective in  the supersonic regia than 
a wedge-- spoiler at the 881118 location; however, the sharpedge spoiler 
had coneiderably more iirag. In compdeon w i t h  a plain, full-span a i l e rm 
deflected 4.k0, the sharp-edge spoiler was considerably less effective 
throughout most of the Mach  nmnber range  except for a range near Mach 
number 0.9. Belaw Mach nmiber 0.9 the &rag increment of the WFng plua 
sharp-edge spoiler was approxfmately five tFznes the drag of the Xing and 
plain aileron. A t  higher Mach nmibers the coefficients were approxi- 
mately e-. 

The Langley Pilotless Aircraft Research Division is now engaged in an 
experimental investigation of aerodynamic controls  utilizfng  rocket- 
propelled test vehicles in free night. The explora toq  phase of this 
lnvestigatim is belng conducted with the RM-5 test vehicle  with which 
data r eh t ing  t o  the rolling capabilities of various wing-control \ 

UNCLASSIFIED 



conibfnationa are obtafnsd. Descriptions of the  te8t  technique and results 
obtained previously for the r o l l h g  effectiveness of plain  ailerons a,re 
given in refemnces 1 to 4. 

bemuch aa spoiler-type  control6  offer the possibility  of obtaining 
some degree of' control  effectiveness with kmall hFnge moments, an erperi- 
mental  inveatigatlan of the rolling effectiveness of a number of wing- 
spoiler  configuraticma has been conducted with the afO~~RtiORed 
technique. The purpose of ths present  paper  is  to  present results obtafned 
recently relating to the rolling characteristics of a full-8psn sharp- 
edge spoiler w i t h  an 0.02-chord proJectlon above the XFng surface at 
severd chordwiee positima and also to the relative  effectiveness of the 
aharp-edgs spoiler and a wedge-tgpe spoiler  located at the 80-percent- 
chord  line. The sharp-edge spoiler and an 0.2-ch0l.d  plain, sealed 
aileron w i t h  4A0 deflecttan  (reference 4) are a l ~ o  comparet~ as a matter 
of interest.  While the present results do not present a sufficient nuniber 
of different  configurations to permit the evaluation of the effectiveness 
of spoiler8  at  trehnsmic and aupereonic speede due to the fact  that only 
one spoiler  extension (0.02 chord) and aileron deflection (&a = bok0) 
was Investigated, they do, hawever, lndicate the effectfveness  character- 
istics of tspical Bpoiler -R~B. 

P roll- velocity, r a d i a n s  per second 

b diemster of circle  swept by wfng tips,  feet (with regard to 
rolling characteristics,  conaidered to be effective qan 
of 3-fin m-5 models) 

V 

c 
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M 

bl 
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flight-path velocity,  feet  per  second 

drag coeff icfent based on total ewered wing area of 1.563 square 
feet 

clanping coefficient, based on area of one wing talcen t o  center 
line of vehicle 

Mach nmiber 

dieter of circle  swept by wing tips minus fuaelrtge diameter 

exposed area of two wing paneb 
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h spoiler extension above wing surPace 

C wing chord parallel to model center line 

8, aileron deflection meamred in plane perpendicular to chord  
plane and parallel to model center Une 

The general arrangement of the  R"5 test  vehicles used in the present 
hvestigation is shown in figure 1 esd the photograph of figure 2. A 
photograph of a tspical teat  vehicle w i t h  booster on the launcher is shown 
in figure 3. The airPoi l  section wed on all the configurations in  this 
bvestigation W&E the ~ A C A  @-OW, the exposed w i n g  area was 1.563 square 
feet, and the  aspect ra t io  A m a  3.0. The configuration employing the 
full-spas, plafn, 0 . 2 ~  sealed aileron had 811 aileron deflection 6, 
of 4-40. 

The l a w h i &  of the b e t  vehicles is accomglished at the WaJlops 
Island, Va. t e s t  faci l i ty .  'phe test vehicles are propelled by a two- 
stage  rocket-propulsion egstem t o  a MEtch  n-er of about 1.8. During 
a 10-second period of coasting f l i@t following rocket-motor burnout, 
tims histories of the rolling velocity are obtained dth special radio 
equipment and the flight-path velocity is obtained by the use of 
Doppler radar- These data, in conjunction WFth atmospheric data obtainad 
w i t h  radiosondes, permit the embat ion  of the aileron roUlng effec- 
tfveness in terms of the  paxamter pb/m as a functfan of Mach  number. 
In aWtion, the variation of d r a g  coefficient w i t h  Mach rimer is 
obtained by a method involving the differentiation of the curve of 
flight-path  velocity against time f o r  power-off flight. The variation 
in Reynolds nuniber with Mach  nuniber for  the range of climatic  conditions 
encountered  during the teste i a  presented in figure 4. 

The experimental  accuracy based on previous  experience is e s t b a t o d  
to be within the follawing Umits: 

pb/m (due t o  limitatims on we Fnstrtrmentatian) . . . . . . . 20.003 
at subsonic speeda ) . . ,. . . . . . . . . . . . . . . . . . . k 0.003 2 [at  supersonic speeds) .y . . . . . . . . . . . . . . . .. . . . ?  0.002 

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.01 
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The limits of accuracy due t o  constructional  differences are shown by 
the f l ights  of duplicate models. 

Inertia effects on the experimental values m e  believed t o  be 
negligible e v e m e r e  except i n  the regionfa where there are large changes 
in rolling  velocity which generally  occur between M = 0.85 a.nd M = 1.0. 
Calculations based on the results presented f o r  model 75(b) (which had 
the greatest variaticm in pb/2V) show that at M = 0.93, for  example, 

where = 307 radians per second square, the measured value is i n  

error by a factor of approximately 20 percent wing C = 0.26. cn 

either  side of t h i s  region, where rapid changes exist, the e r r o r  is 
approx-teu 2 or  3 percent. (see reference 1.) 

a t  
2P 

A complete discussion of the testing technique is c a n k i n d  in 
references 1, 2, and .3 . 

The results of the present tes te  &re presented in figures 5 t o  7 
aa curves of pb/2V and C,, against Mach number. A complete descriptlon 
of the corxPiguratians discussed i n  th i s  paper is presented in figure 1. 
Positive r o U q  effectiwness is taken t o  be in a direction  opposite to 
the epoiler extension. Ln cases where more than one model of the aam 
nuniber desiepatian is mentioned, the le t ter   desimation denotes 
successful  repeat  flight8 of the same configuration. 

Rollirw effectiveness.-  Spoiler  location  appears t o  be c r i t i ca l  t o  
a greater o r  lesser degree depending on the Mach number range In wwch 
the  vehfcle is operating. From exmination of the curves of pb/2V 
again& Mach number in figure 5 ,  it is apparent that In the region 
below M Z  0.9 spoiler location  ie extremely cr i t ical .  Unfortunately, 
only part ia l  records were obtained from both test vehicles employing 
spoilers st the 80-percent-chord point. However, spoilers  located a t  
this  chordwise position lnalntained good control as low as M = 0.73 
based on the one flight for  which  data w e r e  available. 

MovFng the spoiler  location t o  60 percent of the chord  caused a 
large variation in pb/2V with Mach number below M = 0.9. The value 
of pb/W decreased from 0.&4 at M = 0. %, where . Z m  values from 
the 0.6-chord  and  0.8-chord positiom w e m  the game, t o  approximately 0.02 
a t  M = 0.53. The discrepancy between the two models w i t h  the spoiler 
a t  the 0 6-chord location f o r  t h e  region between M = 0.88 and M = 0.93 
is  inexplicable a t  t h i s  time. 

L 
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An extreme  variation in pb Zcr with Mach nuniber  is  evidenced  when 
the  spoiler  is  located at the 0. I- chord  statim. The value of pb/W 
varies  from  slightly  negative at M = 0.50 to a peak of O. 096 
at M = 0.87 and then decreases  to a negative value of -0.008 
at M = 1-01. Above M = 1.0 a poeitive ixend in effectiveness is 
in evldence  which  continues  until M = 1.35 where the due of 
pb/ZV = 0.014. Beyond M = 1.35 a sli&t  decrease fn effectiveness  with 
Increasing Mach nmiber  occurs  until at the  hi  st Mach Dumber observed 
for this vehicle, M = 1.76, the value of pb B" 2V = 0.005. 

c&igUrations w i t h  the spoiler at  the 0. k -chord  point and the 0.8-ckr0rd 
point agreed within the limits of  experimental  accuracy. 

Above M = 0.93, t he  variation of pb ZV Xith Mach n&er for the 

Figure 6 comgazes the variation of rolling  effectiveness and drag 
with Mach number  for two types of spofler ailerons located  at the 0.8-chord 
position on an NACA 65-009 airPofl  section. Frcm the  lowest  velocity  at 
which  data  for both tspes of spoilers are available  to M = 0.93, the 
sha2p-edge spoiler has greater  effectiveness than the wedge spoiler. 
At M = 0.93, the effectiveness curves for the two types of spoilers 
approach  each  other and maintain approximately the's- relatianship 
throughout the Mach d e r  range up to the highest  Mach  number tested, 
M = 1.75, with the sharpedge moiler appearing to be slightly  more 
effective.  However, as the spread between the c m s  throughout thie 
Mach nmber range is of the oHer as  that  caused by estimated 
experimental error, it eLhu3nates any positive  conclusions  being drawn 
regazding their relative  effectiveness at Mach nmhm greater than 0.93. 

Figure 7 compares the rolling effectiveness of the aharp-edge spoiler 
.a at t he  0.8-chord  location with a 0.2-chord, fizll-epas, sealed  aileran on 

- and aileron  deflection  but clearly presents the greater drag of t h i s  

wings of  the same plas  form and section, prevlowly comgared in reference 4. 
This canparisan  ia  extremely limited because i't is for only one spoiler 

tyye spoiler in t he  subsanic regia. However,  the  spoiler  maintained 
rolling  effectiveness  untll M = 0.91 as opposed to the plain  aileron 
which  lost  effectiveness  at M s 0.83. The decisinn to me a spoiler 
extension 2 percent = 0.02) was based on an estimation using law- 
speed data of the Bpoiler  extension  at  the  0.8-choH  location  necesgary to 
equal the control of a 0.2-chord  plain ailerm at a deflectia of 5 . 

Drag measurements. - Tke drag-coeff  icient data obtained In this 
present  investigation are included  as a matter of Fnterest and to 

' illustrate the relation between transonic drag rise  and  control  effec- . tiveness. In examin- these data, consideration should be made of t h e  
section  angle-of-attack  distribution along wing span caused by model 
rotation. A point to conaider  is the fact  that  within  the  accuracy of 
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measurement the variatian of drag coefficient with Mach  nuniber presented 
Fn figure 5 shuws a fairly unff o m  increment of drag r i s e  with increasing 
forward location of the sharpedge spoiler which w-as approximately true 
fo r  the entire Mach nuniber ra,nge fo r  which  comparable data exist. How- 
ever, it is Interesting to note that a% Mach numbers above about 1.4 the 
drag values of the three conf'iguratlans tanded t o  approach a c0IpM)n value. 

Figure 6 c o ~ ~ a r e s   t h e  drag characteristics of the sharp-edge and 
wedge-type spoilers. The drag of the sharp-edge spoiler was appreciably 
greater than the mdge tspe f o r  the  entire Mach m e r  range tested 
except for  the region between M = 0.9 and 1.0 where the value8 were 
appr0xFmatel.y equal. fln indication of the extremely high d r a g  of the 
sharp-edge spoiler a t  subsonic speed8 is given by the camparlaan with 
the drag of the plain aileron i n  figure 7. 'phe drag of the wlng plus 
sharp-edge spoiler was approximately five times  the drag of the w i n g  and 
plain-aileron conibFnatlon  below M 2 0.9. A t  higher Mach nunibera the 
drag coefficients mre approximately equal. 

On the  basis of the results of f l ight   tes ta  of the spoiler and aileron 
configurations  presented herein, the following  conclusions may be drawn: 

1. Chordwise spoiler  location appears t o  be cr i t ica l  for both 'rolling 
effectiveness and drag with the 0.8-chord location ha- the least drag 
and the  highest over-'&U effectiveness. Ln the supersonic nmge the 
rolling effectiveness f o r  the 0.6-chord and 0.8-chord locatlona agreed 
within  the  experimental accuracy. 

2. In the Mach number range below Mach number 0.9, the sharp-edge 
spoiler was much more effective. than the wedge type. However, above 
Mach nuniber 0.9, the results f o r  the two types of Bpoilers agreed within 
the experilnental accuracy. The drag coefficient  for the sharp-edge 
spoiler was appreciably greater than the drag of the wedge spoiler 
throughout the  entire Mach number range tested except for a l imited 
region between Mch numbers 0.9 and 1.0 where t he  drag coefficients 
w e r e  approxhately equal. 

3 .  The plain, & l e d ,  0.20-chord aileron  for a deflection of 4.4O 
had greater rolling effectiveness  than the eharp-edge spoiler throughout 
most of the Mach  number region where carparable data exist except for 
the transonic region where the spoiler maintained effectiveness t o  a 
higher Mach nmiber. 

Langley Aeronautical Laboratory 
National Advisory Camittee  for Aeronautics 

Langley Field, Va. 
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Figure 5.- Effect of chordvise location on  spoiler errectlvenem. 
NACA 65-009; A = Oo; A = 3.0; - - 0.02. c 
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Figure 6 . -  Comparieon of row effectiveness end drag coefficient 
for two %mea of spoiler ailemne. Airfo i l  ~ection, NACA 65-009; 
A = 00; A = 3.0. 
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Figure 7.- Cumparison of rolling effectiveness and drag coefficiant 
for plain and spoiler ailerons. Air fo i l  section, BACA 65-009; 
A = 0’; A = 3.0 (reference 4). 
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